Isolation of the designated genome region of Bacillus subtilis was investigated using a 0. subtilis recombinational transfer (BReT) system. Two DNA sequences flanking the precise genome region are cloned in the BReT vector. The BReT plasmid recovered the predicted genome sequence as large as 100 kb with high fidelity. The result indicates that the BReT system originally developed to recover the non-cognate segments cloned in the B. subtilis genome vector can be applied to the cognate sequence.
I NTRO DU CTI 0 N
Comparative genomic studies for a number of sequenced bacterial genomes indicated that traits of DNA transfer between plasmid and the bacterial genomes are ubiquitous. We are interested in the role of giant plasmids in horizontal transfer, particularly, the process of integration of largesized plasmid in the genome and of elimination of genomic region out of the genome. Bacillus subtilis has historically been used for the study due to the ability to develop competency (1). The process of integration of non-cognate DNA into the B. subtilis genome has been systematically investigated and it was demonstrated that contiguous DNA as large as 100 kb, larger than previously considered, can be taken-up by competent B. subtilis and integrated in the genome (2). However, study for the reverse process is limited. Two approaches were carried out in which large contiguous DNA was transferred to an independent replicon. The one includes dissection of part of the genome into a single copy subgenome by genome surgery (3) and the other includes copying the large integrated DNA to multicopy plasmid via recombinational transfer as shown in Fig. 1 (4) . In the genome surgery B. subtilis genomic DNA as large as 300 kb dynamically shuttles between plasmid form and genomic form (3, 5) . This genome surgery proceeds based on a simple principle of intrachromosomal homologous recombination. This observation may indicate one of the mechanisms of formation of second chromosomes or giant plasmids (4). However, application of the genome surgery for systematic analyses may not be suitable due to the requirement for complicated protocol at present. In the other system, a multicopy plasmid pTB522 from a thermophilic Bacillus strain was used as the replicon to receive the copied segments (4). The @type replication was demonstrated to carry large-sized DNA stably (6), compared with the rolling circle replication form common to many plasmids in Gram-positive bacteria (7) . The 38-kb long ppt operon comprised of 5 plipastatin synthetase genes was isolated by the replicational transfer from B. subtilis 168trpC2 (Tsuge and Itaya, unpublished) . Because the pps segment is specific to strain I A l , application of the recombinational transfer to more general cognate region remained to be investigated. In this report we present evidences that large cognate genome as large as 100-kb of B. subtilis were isolated.
MATERIALS AND METHODS
Bacterial strains and media B. subtilis 168 trpC2 (1Al) from the Bacillus Genetic Stock Center (Ohio, USA). Escherichia coli JA221 (F hsdR hsdM' trp leu lacy recAl) was routinely used as a host for molecular cloning. Luria-Bertani broth was used for all bacteria at 37°C. Tetracycline (10 pg/ml) and ampicillin (50 pg/ml) were added for E. coli selection. Tetracycline (10 pg/ml) chloramphenicol (5 pg/ml) and erythromycin (5 pg/ml) were added for B. subtilis selection. The preparation of competent B. subtilis cells was done by the two-step culture method developed by Anagnostopoulos and Spizizen (1).
Molecular cloning
Restriction enzymes were obtained from Toyobo. Blunting of DNA fragments and ligation were done using the Takara Blunting Kit and Takara DNA Ligation Kit. Small-scale preparation of E. coli plasmids was done by a standard lysis method using alkaline-SDS after lysozyme treatment (8) .
Small-scale preparation of B. subtilis plasmids was performed by the same method modified for lysozyme treatment at 37'C for 30 min. 
RESULTS AND DISCUSSION
The copy number of the original recombinational transfer vector, pGETS103, was nine (4). Because recombinational transfer provides additional copy in the independent plasmid, DNA rearrangements may be induced by the interaction between copies of the genome and the plasmid as well as between plasmid copies. To reduce those possible interactions, a plasmid pGETS109 with low copy number as low as one was derived from pGETS103 (Tsuge and Itaya, unpublished). The pBReT vector derived from pGETS109 was used throughout this study. The genome region 3,932,9914,033,301 was selected for cloning. The first pBReT plasmid was constructed to clone the 20-kb (3, 932, 957, 511) . Transformation of B. subtilis strain 1Al using this plasmid after being linearized with Not1 gave 10 of chloramphenicol-resistance colonies. The structure of the plasmid from 8 randomly selected clones was analyzed by digestion with EcoRI. The size of the EcoRI fragments was consistent with those predicted from the corresponding genomic DNA. The structure was confirmed with additional enzyme BamHI and Bgl TI (data not shown). The identical structure of all the 8 independent plasmid indicated that no mechanism other than recombinational transfer produced the tetracycline resistant colonies. Four pBReT plasmids were constructed to clone 40-kb, 60-kb, 80-kb and 100-kb within the present region. Similar transformation using linearized plasmid gave rise to 28, 5, 6, and 10 chloramphenicol resistant colonies. Plasmids were isolated from these candidate clones and analyzed in the similar manner as described above. All the clones from each transformation had identical plasmid with the expected structure. These results indicated that a genome sequence of B. subtilis up to 100-kb can be unaltered.
Factors affecting the process for recombinational transfer are now under study. The successful cognate DNA cloning facilitates precise cloning of the DNA fragment that could not be obtained by other cloning system. Lysogenic phages and larger size DNA will be challenged with respect to incomapatibility .
